An efficient and straightforward approach towards the synthesis of 1-alkyl-2-(trifluoromethyl)-aziridines starting from 1,1,1-trifluoroacetone via imination, α-chlorination, hydride reduction and ring closure, was developed. In addition, novel primary β-iodo amines were obtained by regioselective ring opening of these 2-(trifluoromethyl)aziridines using alkyl iodides, and their synthetic potential was demonstrated by converting them into novel α-CF 3 -β-phenylethylamines upon treatment with lithium diphenylcuprate.
Introduction
In the past decade, organofluorine compounds have gained a lot of interest in organic and medicinal chemistry. 1 This is due to the fact that the incorporation of one or more fluorine atoms, for example as a trifluoromethyl group, often results in an improvement of the biological properties of bioactive compounds. 2 For this reason, fluorinated and trifluoromethylated compounds are increasingly used in the pharmaceutical and agrochemical industry. 3 The direct introduction of a fluorine atom or a trifluoromethyl group on heterocyclic compounds, however, is often problematic, 4 and therefore a building block approach can provide a useful alternative in some cases.
Aziridines are known to be excellent building blocks for the preparation of a large variety of nitrogencontaining compounds, and numerous synthetic approaches towards the preparation of aziridines have been described. 5 An interesting subclass of these three-membered rings is the class of 2-(trifluoromethyl)aziridines, and their preparation has been relatively well studied. 6 However, matthias.dhooghe@UGent.be ‡ Present address: Vrije Universiteit Brussel, Faculty of Sciences and Bio-engineering Sciences, Department of Chemistry, Pleinlaan 2, B-1050 Brussel, Belgium.
norbert.dekimpe@UGent.be fluoral hemiacetal 14 and trifluoromethylation of enamines, 15 this particular methodology represents a new approach in that respect.
Results and discussion 2, alkylamines 2 were prepared through condensation of 1,1,1-trifluoroacetone 1 with 3 equiv. of the corresponding alkylamines in diethyl ether in the presence of 0.5 equiv. of titanium(IV) chloride. 16 Subsequently, imines 2 were α-chlorinated using 1 equiv. of Nchlorosuccinimide (NCS) in cyclohexane upon reflux for 3 hours. Traditionally, carcinogenic carbon tetrachloride is used as a solvent for this type of transformations, 17 but could be replaced by cyclohexane in this case without altering the rate or yield of the reaction. Next to N-(1-chloromethyl-2,2,2-trifluoroethylidene)alkylamines 3, the presence of the corresponding enamines 18 was observed as well (ratio: 9/1). Due to their hydrolytic instability, no attempts were made to obtain analytically pure samples of α,α,α-trifluoromethyl imines 2 and 3 through silicagel purification. However these imines 2 and 3 were obtained in a purity of at least 95 %. In the following step, N-(1-chloromethyl-2,2,2-trifluoroethylidene)alkylamines 3 were reduced by using 4 equiv. of sodium borohydride in methanol under reflux, yielding the corresponding β-chloro amines 4 in good overall yields (Scheme 1, Table 1 ). The spectral data obtained for compound 4a were in full accordance with those reported in the literature. 11a Attempted reductive cyclization of α-chloro imines 3 towards the desired 2-(trifluoromethyl)aziridines 5 using different reducing agents (e.g. 1 equiv. of LiAlH 4 in THF at 0°C or 1 equiv. of LiBH 4 in THF under reflux) did not lead to the desired conversion due to the reduced nucleophilicity of the nitrogen atom in amines 4, caused by the strong electron-withdrawing effect of the trifluoromethyl substituent in α-position. Therefore, a strong base, such as lithium bis(trimethylsilyl)amide (LiHMDS), was shown to be necessary to affect ring closure of β-chloro amines 4. In this way, several new 1-alkyl-2-(trifluoromethyl)aziridines 5 were obtained in high yields by treatment of α-CF 3 -β-chloro amines 4 with 1.1 equiv. of LiHMDS in THF for 4 hours at room temperature (Scheme 1, Table 1 ). The spectral data obtained for compounds 5a and 5e were in full accordance with those reported in the literature, 9,11a whereas aziridines 5b-d have not been described before. Compared to known procedures for the preparation of 1-alkyl-2-(trifluoromethyl)aziridines, which either need expensive reagents or consist of multiple reaction steps, this short and efficient approach is based on the use of commercially available and relatively inexpensive resources and is therefore a suitable alternative for large-scale applications. With this novel and straightforward approach towards 2-(trifluoromethyl)aziridines 5 in hand, additional studies on the reactivity of these interesting building blocks were performed. As mentioned in the introduction, Katagiri and Karimova had already explored the reactivity of nonactivated 2-(trifluoromethyl)aziridines towards a number of electrophiles and nucleophiles.
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Complementary to these studies, ring-opening reactions with acetic acid and alkyl iodides were investigated in this work. The ring opening of 1-benzyl-2-(trifluoromethyl)aziridine 5a to 2-benzylamino-3,3,3-trifluoropropyl acetate 6 using 5 equiv. of acetic acid in CH 2 Cl 2 proceeded very sluggishly, as heating for 7 days at 60°C in a pressure vial was required to drive the reaction to completion, affording acetate 6 in 52% yield. Performing the reaction in acetic acid as a solvent appeared to be less successful, as it led to more formation of impurities. The ring opening with acetic acid had already briefly been explored in the literature, resulting in the conclusion that the acidity of acetic acid is too weak to induce ring opening of 1-alkyl-2-(trifluoromethyl)aziridines, even after prolonged storage at 20°C. 11b The rather drastic conditions required for the acetic acid-induced ring opening of aziridine 5a to acetate 6 (Scheme 2) corroborate the previously described finding that the trifluoromethyl-substituted aziridine ring is quite inert towards electrophiles due to the strong electron-withdrawing effect of the CF 3 -group, 11 but refute the conclusion that acetic acid is too weak to affect a ring-opening reaction.
In a second part, ring opening of 1-alkyl-2-(trifluoromethyl)aziridines 5a-c with alkyl iodides towards β-iodo amines was investigated, as this approach has not been studied before (only chloride-and bromide-induced ring openings have been studied). At first, ring opening using 1 equiv. of benzyl bromide in acetonitrile was evaluated, which did not lead to complete conversion, even after 13 days of heating at reflux temperature. Attempts to accelerate the reaction, for example by replacing acetonitrile with a high-boiling solvent such as dimethylformamide and performing the reaction in acetonitrile under microwave irradiation, only resulted in complex mixtures. Finally, complete conversion was attained by treatment of 2-(trifluoromethyl)aziridines 5a-c with 1 equiv. of benzyl iodide 19 at 100°C under neat conditions, affording 1,1,1-trifluoro-3-iodopropan-2-amines 7a-c (Scheme 2, Table 2 , Entries 1-3) in good yields. Detailed spectroscopic analysis ruled out the formation of the other regioisomers. 11a,20 It should be noted that the ring opening of non-activated aziridines by benzyl bromide in acetonitrile constitutes a highly efficient regio-and stereoselective approach towards the preparation of secondary β-bromo amines. 21 The observations made here once again confirm the reduced reactivity of CF 3 -substituted 1-alkylaziridines with respect to electrophiles. In addition to benzyl iodide, ring opening of 2-(trifluoromethyl)aziridines 5a-b by methyl iodide towards 1,1,1-trifluoro-3-iodopropan-2-amines 7d-e (Scheme 2, Table 2 , was attained in good yields by using 1 equiv. of methyl iodide in acetonitrile at 100°C for 3 days in a pressure vial (Scheme 2 Table 2 ). In an effort to improve the reaction rate, the amount of methyl iodide was increased to 5 equiv., which unfortunately resulted in the formation of benzyltrimethylammonium iodide as a side-product. It should be mentioned that β-iodo amines 7a-e represent a novel class of compounds with unexplored synthetic potential.
As know from different literature reports, the ring opening of non-activated 2-alkylaziridines by alkyl iodides usually produces secondary β-iodo amines through ring opening of intermediate aziridinium salts at the substituted aziridine carbon atom under thermodynamic control. 22 In this case, however, ring opening of the aziridinium salts 10 by iodide proceeded regiospecifically towards primary β-iodo amines 7, pointing to the conclusion that this transformation probably occurs under kinetic control.
This change in regioselectivity can again be attributed to the strong electron-withdrawing property of the CF 3 -substituent, which prevents thermodynamic equilibration through recyclization of primary β-iodo amines 7 towards intermediate aziridinium salts 10.
In order to demonstrate the synthetic potential of these novel 1,1,1-trifluoro-3-iodopropan-2-amines 7, their coupling with benzene towards novel β-phenylethylamines, an interesting class of amphetamine derivatives, was evaluated. In a first approach, β-iodo amines 7a-b were treated with phenylmagnesium chloride under various reaction conditions (2 equiv. of PhMgCl in THF or CH 2 Cl 2 at -78°C, 0°C, room temperature or under reflux). Unfortunately, no desired β-phenylethylamines were formed, and even at low temperatures (-78°C) elimination products were observed. Another attempt In conclusion, a novel and convenient method for the preparation of 1-alkyl-2-(trifluoromethyl)aziridines was developed using easily accessible and inexpensive resources, making it an economical approach for large-scale synthesis. Furthermore, additional information concerning the reactivity of these 2-(trifluoromethyl)aziridines was acquired by treatment of the latter with acetic acid and alkyl iodides. In the case of alkyl iodides, novel primary β-iodo amines were obtained through regioselective ring opening of intermediate aziridinium salts, which proved to be valuable precursors for the synthesis of novel α-trifluoromethyl-β-phenylethylamines, an interesting class of trifluorinated amphetamines derivatives.
Experimental part
1 H NMR spectra were recorded at 300 MHz (JEOL ECLIPSE+) with CDCl 3 as solvent and tetramethylsilane as internal standard. -alkyl-2-amino-1-chloro-3,3,3-trifluoropropenes (ratio: 9/1). To an ice-cooled solution of the crude mixture of imine 3 (0.06 mol, 1 equiv.) in MeOH (150 mL) was added NaBH 4 (0.06 mol, 1 equiv.) in small portions whilst stirring. Subsequently, the reaction mixture was heated under reflux for 4 hours, and every hour an extra equiv. of NaBH 4 (3 equiv. in total) was added in small portions. Afterwards, the reaction mixture was quenched by a saturated solution of NH 4 Cl (75 mL), extracted with EtOAc (3 x 50 mL) and washed with brine (3 x 50 mL). Drying (MgSO 4 ), filtration of the drying agent and evaporation of the solvent afforded N-alkyl-3-chloro-1,1,1-trifluoropropan-2-amine 4, which was purified by means of column chromatography on silicagel (hexane/EtOAc) in order to obtain an analytically pure sample.
N-(1-Chloromethyl-2,2,2-trifluoroethylidene)alkylamines 3 were obtained in high purity (>90% based on NMR, CDCl 3 ) and were used as such in the following step without prior purification. However, in order to confirm their structure, the spectral data of three derivatives are reported below. Despite several attempts, no conclusive mass spectra were obtained for these compounds due to their instability. (1-chloromethyl-2,2,2-trifluoroethylidene) 
N-

N-(1-chloromethyl-2,2,2-trifluoroethylidene)-(4-chlorobenzyl)amine 3b
Orange oil. 
3-Chloro-1,1,1-trifluoro-N-(4-methoxybenzyl)propan-2-amine 4c
Yellow oil. R f = 0. 
Synthesis of 1-alkyl-2-(trifluoromethyl)aziridines 5
General procedure: In a flame-dried flask, N-alkyl-3-chloro-1,1,1-trifluoropropan-2-amine 4 (0.05 mol, 1 equiv.) was dissolved in dry THF (100 mL) under nitrogen atmosphere. The resulting mixture was then cooled to 0°C and LiHMDS (1.1 equiv., 1M in THF) was added dropwise via a syringe. After stirring at room temperature for 4 hours, the reaction mixture was quenched with a saturated solution of NH 4 Cl (50 mL), extracted with EtOAc (3 x 25 mL) and washed with brine (3 x 25 mL).
Drying (MgSO 4 ), filtration of the drying agent and evaporation of the solvent afforded 1-alkyl-2-(trifluoromethyl)aziridine 5, which was purified by means of column chromatography on silicagel (hexane/EtOAc) to obtain an analytically pure sample.
1-(4-Chlorobenzyl)-2-(trifluoromethyl)aziridine 5b
Yellow oil. R f = 0.28 (Petroleum ether/EtOAc 95/5). Yield 83%. 
1-(4-Methoxybenzyl)-2-(trifluoromethyl)aziridine 5c
Yellow oil. R f = 0.25 (petroleum ether/EtOAc 95/5). Yield 80%. 
1-Octyl-2-(trifluoromethyl)aziridine 5d
Light-yellow oil. R f = 0.29 (Petroleum ether/EtOAc 98/2). Yield 78%. 
Synthesis of 2-benzylamino-3,3,3-trifluoropropyl acetate 6
In a 20 mL pressure vial, 1-alkyl-2-(trifluoromethyl)aziridine 5a (0.5 mmol, 1 equiv.) and CH 3 COOH (5 mmol, 5 equiv.) were dissolved in CH 2 Cl 2 (3 mL), after which the reaction mixture was stirred for 7 days at 60°C. Afterwards, the reaction mixture was neutralised by means of a saturated solution of NaHCO 3 , poured into water (4 mL) and extracted with CH 2 Cl 2 (3 x 2 mL). The combined organic layers were dried over anhydrous magnesium sulfate. Filtration of the drying agent and evaporation of the solvent afforded 2-benzylamino-3,3,3-trifluoropropyl acetate 6, which was purified by means of column chromatography on silicagel (hexane/EtOAc) to obtain an analytically pure sample (25% 
Synthesis of N-alkyl-N-benzyl-1,1,1-trifluoro-3-iodopropan-2-amines 7a-c
General procedure: A mixture of 1-alkyl-2-(trifluoromethyl)aziridine 5 (6 mmol, 1 equiv.) and benzyl iodide 19 (6 mmol, 1 equiv.) was heated at 100°C under neat conditions for 24 h, affording β-iodo amine 7 in 72-88% yield. This compound was purified by recrystallisation from absolute EtOH or by means of column chromatography on silicagel (hexane) to obtain an analytically pure sample.
N,N-Dibenzyl-1,1,1-trifluoro-3-iodopropan-2-amine 7a
White crystals. Recrystallisation from absolute EtOH; Mp = 94.8°C. Yield 32%.
1
H NMR (300 MHz, CDCl 3 ): δ 3. m), 3.72 and 3.99 (4H, 2 × d, J = 13.2 Hz), m -27-7.44 and 7.44-7.47 (9H, m) .
13
C NMR (75 MHz, CDCl 3 ): δ -3. 00, 53.35, 54.02, 60.58 (q, J = 25.4 Hz), 125.44 (q, J = 293.1 Hz), 127.64, 128.42, 128.53, 129.46, 130.76, 133.28, 136.34, 137. 
Synthesis of N-alkyl-1,1,1-trifluoro-3-iodo-N-methylpropan-2-amines 7d-e
General procedure: In a 20 mL pressure vial, 1-alkyl-2-(trifluoromethyl)aziridine 5 (2 mmol, 1 equiv.)
and MeI (2 mmol, 1 equiv.) were dissolved in acetonitrile (6 mL). After stirring for 3 days at 100°C, the solvent was removed in vacuo, affording N-alkyl-1,1,1-trifluoro-3-iodo-N-methylpropan-2-amine 7, which was purified by means of column chromatography on silicagel (hexane) to obtain an analytically pure sample.
N-Benzyl-1,1,1-trifluoro-3-iodo-N-methylpropan-2-amine 7d
Light-yellow oil. R f = 0.34 (Hexane). Yield 12%. 52, 53.25, 53.83, 59.99 (q, J = 24.6 Hz), 127.24, 127.58 (q, J = 291.1 Hz), 127.84, 128.31, 128.37, 128.77, 129.49, 130.02, 130.59, 137.09, 137.34, 138. 
Synthesis of
